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ABSTRACT 
SOIL MOISTURE RECOGNITION AND THE SPATIAL DISTRIBUTION OF 
STORM ACTIVITY IN THE MOJAVE DESERT USING HIGH-RESOLUTION 
ASTER AND MODIS IMAGERY FOR THERMOPHYSICAL MAPPING 
by 
Russell J. Skuse 
Dr. Thomas Piechota, Committee Co-Chair 
Interim Vice President for Research &  
Dean of the Graduate College 
University of Nevada Las Vegas 
 
& 
 
Dr. Scott Nowicki, Committee Co-Chair 
Assistant Professor in Residence 
University of Nevada Las Vegas 
 
      Climate models suggest that the Mojave Desert ecoregion is vulnerable to becoming 
drier in the future, and as the human population grows and development increases, 
environmental stresses will likely increase. Determining the spatial distribution and 
variation of soil moisture on a regional scale is an essential component to climate change, 
hydrologic, and habitat analyses. Soil permeability and sediment stability are 
characteristics that have been shown to be measurable from remote sensing observations. 
The primary objective of this project is to map the mechanical composition of the surface 
materials in the Mojave Desert ecoregion with implications for soil permeability, 
sediment stability, and soil moisture. We are using advanced mapping techniques to 
determine the surface mechanical compositions of the Mojave, with data provided by the 
Advanced Spaceborne Thermal Emission and Reflection radiometer (ASTER), which 
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provides the spatial resolution necessary to map the composition and thermal properties 
of arid surfaces and is well suited for mapping the spatial distribution of soil moisture. A 
full-resolution mosaic of thermal infrared (TIR) and visible to near infrared (VNIR) 
ASTER images has been constructed for the entire Mojave Desert for mapping surface 
components.  With a 16-day repeat cycle, ASTER provides the high resolution mapping 
perspective, but lacks the temporal sampling to adequately quantify changes over days to 
weeks. Moderate Resolution Imaging Spectroradiometer (MODIS) data provides the 
temporal resolution needed to determine seasonal variations, although at a coarser spatial 
resolution. Our approach for mapping the Mojave Desert region involves using both 
ASTER and MODIS to provide the ideal spatial and temporal sampling to map individual 
storms and their effects on the seasonal conditions of the surface. The viability of the 
Mojave Desert ecosystem relies solely on infrequent storms and their temporal and 
spatial distribution over local regions and varied landscapes. Mapping the distribution of 
individual wetting events with regard to the geomorphology of the region can be a useful 
component for modeling potential changes as a function of climate change and human 
development providing a better understand of how random weather events contribute to 
the hydrologic cycle in the Mojave and potentially other arid regions around the world. 
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        CHAPTER 1 
INTRODUCTION 
      The Mojave Desert region is a physical and ecological province that encompasses 
areas of eastern California, southern Nevada, southwestern Utah and northwest Arizona.  
Rainfall in the Mojave Desert occurs intermittently and many different Mojave 
ecosystems rely on these infrequent storms for survival [Whitford 2002; Miller et al, 
2010].  Global climate change is anticipated to affect desert ecosystems in the future 
[Parry et al., 2008, 2007].  While climate change is expected to affect many surface 
processes [Miller et al., 2010; Cooke et al., 1982; Bull 1991; Bullard et al., 2007], the 
Mojave Desert ecoregion (Figure 1) ultimately is vulnerable to becoming drier in the 
future [USGS 2005] and as the human population grows, and human development 
increases, stresses will likely increase [Parry et al., 2008, 2007; Miller et al. 2010].  
Understanding the surfaces of the Mojave Desert is fundamental for ecosystem 
assessment and climate change models [Miller et al., 2010].  Currently there is a lack of 
information about surfaces characteristics in desert regions. Rock type, soil type, and 
surface texture maps may be valuable for understanding the interaction of available soil 
moisture linking native plant, animal species and their habitat [Miller et al., 2009]. 
 Moisture content is the accumulation of water contained in a material, such as 
soil, (soil moisture conditions) located near the earth’s surface [Schmugge et al., 1974; 
Idso et al., 1975b] providing nourishment to plants, animals, and humans [Miller et al., 
2009].  Precipitation in the Mojave is highly variable, and intermittent storm events and 
soil moisture data are not available in a spatially continuous dataset.   
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Figure 1.1 Location of the Mojave Desert ecoregion. [Nussear et al., 2009] 
 
The infrequency of storms and the limited distribution of weather stations make it 
very difficult to produce maps of soil moisture [Hereford et al., 2006; Miller et al., 2009, 
2010].   
Our research leads us to believe that, 
1. Intermittent rainfall events will produce observable temperature depressions 
effecting thermal mapping. 
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2. Rainfall characteristics (i.e. timing, intensity and duration) will impact soil 
moisture content based on the seasonality of precipitation.   
3. Thermal mapping can be used to predict soil moisture content. 
 
Then mapping with thermal infrared remote sensing observations can be used to 
recognize storm activity and quantify soil moisture content.  
The primary goal of this project will be to develop a better understanding of soil 
moisture content relating to thermal inertia and the spatial and temporal activity of 
intermittent rainfall in arid environments from a remote sensing perspective. This may 
also foster a better understanding of how random weather events affect arid regions in 
general.  Our methods use advanced thermal mapping techniques to observe land surface 
temperature variations due to soil moisture content as a result of intermittent storms. 
High-resolution multispectral remote sensing observations are used to determine the 
physical characteristics of surface materials [Kahle 1977]. Anomalous temperature 
changes are used to map the spatial distribution of soil moisture [Miller et al., 2008, 
2010].  In order to use these data appropriately, the effects of weather (rainfall and cloudy 
days) on thermal mapping need to be assessed.  Regional-scale thermal mosaics were 
developed to determine the mechanical composition of surface materials appropriate for 
habitat modeling, and the effects of weather have previously been unknown. 
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CHAPTER 2 
BACKGROUND 
      Soil moisture is fundamental to our existence.  The distribution of water above and 
below our land surfaces has driven human development while shaping civilizations over 
centuries [Idso et al., 1975].  Our ability to monitor and measure soil moisture began with 
land-based measurement to highly advanced remote spaceborne observations. 
      Early land-based and aircraft overflight observations in arid environments designed to 
measure soil water content [Jackson 1973; Rosema, 1975; and Idso et al. 1975] utilized 
albedo, temperature and brightness temperature techniques [Idso et al., 1975] primarily 
for agricultural management.  Continuous soil moisture measurement provided the 
groundwork for thermal remote sensing investigations detailed by Gillespie and Kahle 
[1977]; Kahle [1977]; Price [1977]. These studies led to the investigation of remotely 
sensed temperature and albedo data with meteorological data and topography as a method 
for determining thermal properties.   
With an array of platforms and methodologies the National Aeronautics Space 
Administration (NASA) Earth Observing System (EOS) together with a consortium of 
global space agencies are expanding our network of satellites to monitor Earth’s 
environment.   The reliance for water in semi-arid and arid desert environments is a 
competitive process [Miller et al., 2008].  The challenges of assessing soil moisture in the 
Mojave Desert are linked to surface geomorphology, minimal rainfall, and extreme 
changes in temperatures on a regional scale. 
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Soil Moisture Methods 
      Desert ecosystems rely on soil moisture as an important element determined by the 
hydrologic cycle and variable soil characteristics.  Precipitation, evapotranspiration, and 
infiltration,  components of the hydrologic cycle lead to movements and phase changes in 
water between the atmosphere, continents and oceans.  Determining how water moves 
into and through the soil in these water-limited lands is fundamental to their environment. 
      Soil moisture measurements in desert environments are complex for several reasons. 
Arid regions typically experience episodic rainfall which is then accompanied by rapid 
dry down periods mainly due to soil characteristics [Scheidt et al, 2010] and seasonal 
precipitation.  Soil composition is important for water retention, and recharging the 
system with precipitation altering temperatures due to the cooling effect of water at the 
surface [Scheidt et al, 2010].    
     Surface soil water content measurements developed from field platforms and aircraft 
observations [Jackson et al.,1973; Idso et al., 1975; Schmugge 1978] to highly refined 
and proficient satellite-based applications detecting land-surface interactions of energy 
and moisture fluxes [Scheidt et al., 2008, 2010, 2011; Hulley et al., 2008, 2009b, 2010, 
2011].  Obtaining energy and moisture fluxes at meteorological scales requires an 
increased knowledge of surface characteristics [Price 1982].  Surface roughness and 
thermal properties are characteristics that can be measured remotely [Price 1977; 
Salomonson et al., 1989].  
      The quantitative information collected from standard meteorological networks is 
limited as land-based sites collecting data of energy and moisture fluxes of the earth’s 
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surface [Price 1982] are disproportionate.   With long-term satellite observations of earth 
processes, remote sensing provides the high spatial resolution of enhanced observational 
data.  The development of these applications for climate and habitat modeling, hydrologic 
studies, vegetation indices, and soil moisture detection are dependent on remote 
observations [Price 1982].   
      The ability of remote applications to assess soil moisture depends on measuring 
electromagnetic energy being reflected or emitted from the soil surface [Schmugge et al., 
1974].  The interaction between surface temperatures, surface moisture fluxes and 
thermal inertia are closely joined [Kahle 1977] dominated by moisture availability and 
thermal inertia [Carlson et al., 1978].  The changes in surface water content and surface 
material conductivity over bare soil is highly correlated with measurements of 
radiometric surface temperatures [Carlson et al., 1990] inferred through satellite images 
[Price 1982] yielding estimates of surface moisture availability [Carlson et al., 1990].   
      Varied techniques for studying soil moisture are related to three general regions of the 
electromagnetic spectrum.  Thermal Infrared (TIR) in the long-wave region, Normalized 
Differential Vegetation Index (NDVI) in the visible or short-wave region and Radar or 
Microwave region (Passive and Active) are established methodologies for assessing soil 
water content.  All are responsive to moisture content in the upper centimeters of soil 
[Jackson et al., 1976] as water in this region experiences a wide range of diurnal 
fluctuations [Jackson 1973]. 
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Thermophysical Properties and Thermal Infrared 
The thermophysical properties of soil, surface crusts and sediments have 
significantly distinctive thermal characteristics [Idso et al., 1975; Kahle 1977; Price 
1977] and provide a range in temperatures when wet [Idso et al., 1975; Kahle 1977; 
Gillespie and Kahle 1977; Price 1977; Schmugge 1978].  The thermal characteristics of 
surface materials (sediment grain size, degree of induration and rock abundance) can be 
derived with advanced techniques of thermophysical mapping [Scheidt et al., 2008, 2010, 
2011; Hulley et al., 2008, 2009b, 2010, 2011] using multispectral thermal infrared (TIR) 
and visible to near (VNIR) observations [Kahle et al., 1976, Cracknell and Xue, 1996].  
These methods will be applied in mapping like characteristics in the Mojave with the 
availability of EOS satellite data. 
The Mojave Desert ecoregion illustrates thermal properties with a clear distinction 
between surface variability, surface emissivity, soil permeability, temperature and 
moisture content [Miller et al., 2009, 2010].  Surface temperatures and soil moisture 
content are directly related to energy fluxes at the earth’s surface [Price 1982].  Surface 
soil moisture possesses distinct thermal and dielectric properties [Schmugge 1978] 
permitting remote measurements.  These observations are used to map the physical 
characteristics of the surface layer [Kahle 1977].  The thermal properties and 
characteristics of rock, soil and vegetation exhibit varying temperatures based on time of 
day [Jackson et al., 1976; Kahle 1977; Price 1977] due to differences in thermal inertia.   
      Thermal infrared data [Price 1980] and aircraft obtained thermal inertia mapping 
[Kahle et al., 1975, 1976] has been available for years.  A wetted soils higher thermal 
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inertia through thermal conductivity and large heat capacity enable remote observations 
based on the diurnal range (Figure 2.1) of surface temperatures [Schmugge 1978].   
 
 
Figure 2.1 Diurnal radiant temperatures of surface materials. Change in radiant 
temperature during a 24-hour thermal cycle. [Source: Jensen 1987] 
 
Thermal inertia of surface materials can be calculated using advanced modeling 
[Xue and Cracknell 1995] techniques from the diurnal temperature change (max 
temperature).  Measuring soil moisture with rapidly changing environmental conditions, 
revisit time must be optimized based on time and frequency of recurring coverage 
[Jackson 1996].  Daytime observations are emissivity and albedo influenced, whereas 
nighttime emissions are based entirely on their thermophysical properties [Kahle 1987].  
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Mapping the mechanical compositions and naturally occurring temperature 
variations can be accomplished with the use of nighttime temperature observations 
[Nowicki 2002].   ASTER and MODIS observe both reflected and emitted radiance at 
varied spatial, temporal and spectral scales [Salomonson et al., 1989; Kahle 1991, Hook 
et al., 2001].   
 
Thermal Literature 
Thermal research on a large spatial scale are recent studies by Hulley and Hook 
[2008, 2009b, 2010, 2011] advancing Land Surface Temperature/Emissivity (LST/E) for 
ASTER and MODIS datasets.  LST/E is an important component for climate and 
ecosystem analysis.  Produced at varied spatial and spectral scales, each sensor generates 
LST/E products applied in surface radiation and energy fluxes between the surface and 
atmosphere [Hulley et al., 2010].  Hulley and Hook [2011] in refining the Temperature 
Emissivity Separation (TES) algorithm [Gillespie et al., 1998], a process used in 
obtaining surface interactions, produced outcomes minimizing inconsistencies of LST/E 
from each sensor [Hulley et al., 2008].  To earlier examples of ASTER TIR mapping by 
Scheidt et al. [2008] in a multi-scene application while studying dune fields and sand 
sheets in the Gran Desierto, Mexico.   
Our approach was based on a similar study at the White Sands Dune Field, New 
Mexico.  Scheidt [2010] applied advanced remote sensing techniques as a predictive 
monitoring tool [Scheidt et al. 2010] based on apparent thermal inertia estimations 
derived from diurnal surface temperature differences and albedo data.  The study utilized 
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ASTER and MODIS observations to determine the relationship of thermal inertia and soil 
moisture measurements.   
The practical limitations of mapping large scale areas without a mosaicking 
procedure can influence the preference of data to be used [Scheidt et al., 2008] and the 
creation of one seamless mosaic is an important objective, although may be unattainable 
in all locations [Scheidt et al., 2008].  The advantages of applying this approach and 
interpreting one seamless compositional dataset while analyzing data acquired on varying 
dates [Scheidt et al, 2007, 2010] with differing surface thermal properties [Kahle 1977, 
Price 1977] improves our ability to assess surface composition in desert regions.  
 
ASTER and MODIS Data 
On board NASA EOS satellites, each instrument collects data well-matched for 
thermophysical mapping.  In orbit collecting data since December 18, 1999, ASTER 
resides on the Terra satellite.  ASTER has a higher spatial resolution than MODIS but 
lacks temporal consistency and resolution [Scheidt et al., 2008, 2010].  NASA designed 
ASTER to acquire high spatial resolution at 90-meter TIR and 30-meter VNIR 
multispectral data. The high-resolution contributes in our ability to map surface 
characteristics with a data acquisition repeat time of approximately 16 days monitoring 
the Mojave’s changing climate.  MODIS operates on the EOS Aqua and Terra satellites 
[Salomonson et al., 1989; Hook et al., 2001] providing moderate l-kilometer resolution 
data, global coverage, and data acquisition with a twice-daily repeat cycle. MODIS 
increased temporal consistency is ideal for observing natural temperature cycles. 
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       The Land Processes Distribution Active Archive Center (LP DAAC) is part of 
NASA’s Earth Observing System Data and Information System (EOSDIS) that 
processes, archives and distributes data products derived from EOS sensors.  ASTER and 
MODIS data products can be viewed, accessed and downloaded at REVERB/Echo.  
The following are sensor overviews: 
ASTER/Terra - Registered Radiance at the Sensor V003 TIR (AST_L1B) 
 Area: 60 km x 60 km 
 Channels/Bands/Spatial Resolution: 
- VNIR (1,2,3N) – 15m 
- SWIR (4-9) – 30m 
- TIR (10-14) – 90m 
 Projection: Universal Transverse Mercator (UTM) 
 Data Format: HDF – EOS or GeoTIFF 
 
The AST_L1B product provides spatial coverage of a wide spectral and high spatial 
resolution in the visible near-infrared, shortwave infrared and thermal infrared regions 
with values of 15m, 30m and 90m per pixel resolution respectively.   
MODIS/Aqua and Terra - LST/E Daily L3 Global 1km Grid SIN (MYD11A1) 
 Temporal Coverage: V005 July 8, 2002 –  
 Area: 1100 km x 1100 km 
 Spatial Resolution: 1 km (0.93 km) 
 Projection: Sinusoidal  
 Data Format: HDF – EOS 
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The MYD11A1 product has provided temporal coverage since July 8, 2002 of per-pixel 
temperature and emissivity values daily at 1 km spatial resolution under clear-sky 
conditions.     
The combination of using high temporal resolution MODIS data with high spatial 
resolution ASTER data on a regional scale provides the ability to isolate individual 
wetting events based on the natural occurring thermal fluctuations as related by the 
mechanical surfaces of the Mojave.  Once established, calculating temperature changes 
through nighttime spectral observations utilizing the TES algorithm described by 
Gillespie et al. [1998] [Scheidt et al., 2008] can be implemented in determining land-
surface temperatures and emissivity spectra.   The objectives of TES as developed for 
ASTER data were to provide precise surface temperatures predominantly when analyzing 
vegetation, water and snow and in the recovery of defined emissivity for mineral 
substrates [Gillispie et al., 1998]. 
 
Normalized Differential Vegetation Index  
          Vegetation plays a key role in the hydrologic cycle via transpiration loss to the 
atmosphere [Price 1990].  Normalized Differential Vegetation Index (NDVI) is a 
vegetation index which has shown to be an indicator of the relative abundance and 
activity of green plant material [Carlson et al., 2009].  The index represents a tool in 
assessing vegetation cover and soil moisture content [Carlson et al., 1995].  Satellite 
applications can accurately assess energy fluxes [Carlson et al., 1990] and ecosystem 
processes.  The relationship linking moisture flux and surface energy over varying 
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surfaces such as vegetation, or the lack thereof causes significant differences in both 
indices.  A non-linear relationship between surface temperatures and soil moisture over 
vegetative surfaces and bare soil [Idso et al., Carlson et al., 1990] is evident.   
      NDVI was originally developed by Rouse et al. [1974] through regional ground-based 
observations in green biomass, weather information and moisture content of vegetation. 
The research established a generic remote sensing methodology in obtaining quantitative 
measurements of vegetation conditions [Rouse et al., 1974].  Plants absorb solar radiation 
energy for photosynthesis within the upper and lower region of the photosynthetically 
active radiation spectral region [Carlson et al., 2009].  Observed in two wavelengths, leaf 
structure (healthy green plant material) is highly reflective in the near infrared region 
while absorbing in the visible region.  The index values from -1 to 1 are calculated as the 
measurement of the visible reflectance and near-infrared reflectance written as NDVI = 
(nir-vis)/(nir+vis) [Carlson et al., 1990].  Negative values closer to -1 correspond to water 
bodies,  while areas of barren soil, rock, sand or snow are closer to -0.1  to 0.1.  Lower 
positive values 0.2 to 0.4 indicate shrub or grassland, whereas higher values closer to 1 
indicate healthy crop land or tropical rain forest [Carlson et al., 1990]. 
      NASA and National Oceanic and Atmospheric Administration (NOAA) scientists 
have generated 20 years of NDVI data. Using regional and global comparisons of 
historical NDVI data provides an indication of healthy or stressed vegetation from the 
presence of adequate or inadequate precipitation in a given region or year.   NASA and 
NOAA researchers examine the indicators and differences in NDVI anomalies through 
historical monthly and yearly data comparisons.  The applications of NDVI in 
determining and measuring the density or lack thereof green plant material and moisture 
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content as a vegetation density indicator (values) are important factors for climates or 
regions constrained by a lack of water.   
 
Radar - Passive and Active 
     Radar or Microwave radiometers on aircraft and spaceborne platforms identifying soil 
moisture provide a direct measurement over varying land cover conditions [Jackson et al., 
1996].  Two methods in determining the moisture content in the surface layer of soils are 
the use of passive and active microwave radiometers.  Observable in the microwave 
region of the electromagnetic spectrum [Wilheit 1972; Price 1977], moisture content near 
the earth’s surface [Schmugge 1978] provides an assessment of soil moisture conditions. 
The dielectric properties of water along with other soil physical characteristics directly 
influence microwave measurements [Jackson et al., 1996].   
      Early microwave studies observed strong relationships between soils type, texture and 
moisture content [Schmugge et al., 1974; Idso et al., 1975].  Microwave emissions are 
directly related to the surface characteristics (texture and roughness), vegetation cover, 
barren ground, soil temperature and on the dielectric or emissive properties of soil 
[Schmugge 1978].  In response to soil moisture [Schmugge et al., 1974; Idso et al., 1975], 
emissions are influenced by land cover, vegetation concentration, and soil texture each 
adding complexity in the retrieval process.  The factors affecting microwave moisture 
retrieval are; frequency or wavelength, incident angle, polarization [Jackson et al., 1996], 
surface roughness, soil texture, topography, observation depth and vegetation 
characteristics [Idso et al., 1975; Schmugge 1978; Schmugge 1980].  
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      Satellite remote sensing observations provide the ability to cover large areas, which 
encompasses regional variability, over varied surface characteristics with long term 
recurring coverage [Jackson et al., 1996].  The complexity of rapidly changing soil 
moistures conditions in arid and semi-arid regions is a problem for all satellite moisture 
data retrieval methods and discussed previously, time and frequency of recurring 
coverage are important issues for soil moisture detection [Jackson et al., 1996].  
            The temperature and emissivity of the surface are observed thermal emissions at 
measurable wavelengths by passive systems (Rayleigh-Jeans approximation) [Schmugge 
1978].  Thermal radiation characteristics of surface materials provide the basis for 
passive microwave remote sensing more specifically, land surface temperature 
[Schmugge 1978] and surface emissivity.   Measuring the thermal equivalent to thermal 
infrared methodologies, passive microwave radiometers record natural thermal emission 
from land surfaces [Jackson 1996] at particular wavelengths.  Unlike the thermal spectral 
region of 3-14µm, microwave sensors commonly record energy in the region of 0.15 to 
30 cm (1–200 GHz), that exceeds the thermal region.  Passive microwave sensors provide 
a very broad range of frequencies with high spatial resolution necessary to capture 
enough energy over large areas.  
      Electromagnetic energy is created by active systems.  Active data retrieval begins 
from a remote platform, where a pulse of energy is sent out, the energy interacts with a 
surface followed by a backscatter of energy (backscattering coefficient) [Schmugge et al., 
1976] being received and measured.  The relationship between backscattering and soil 
moisture exist and has been studied thoroughly.  The complexity increases as the 
vegetation canopy increases, together with surface variability and heterogeneity over 
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regional areas.  Active microwave sensor parameters include; wavelength, polarization, 
and incident angle (relative to zero degrees), the components are many and multifaceted 
making retrieval processes complex.   
      The unique properties that microwave remote sensors provide are the capability to 
view the earth’s surface under all weather conditions.  Specifically non-raining cloud 
cover [Schmugge1978] in effect creating a transparent atmosphere, a semi-transparent 
vegetative cover (dependent on wavelengths) whereas underlying surfaces are observable 
[Jackson 1993].  Emissions and measurements rely on the dielectric properties 
[Schmugge 1980] of the area observed which for soil is a function of the presence of 
water and daytime or nighttime observations are autonomous of solar illumination 
[Jackson 1993].   
      The ability of microwave sensors for soil moisture sensing are significant, although 
the physical characteristics associated with the Mojave Desert, a basin and range system 
consisting of varying geomorphology, and surface materials [Miller et al., 2010] all with 
diverse soil characteristic, having strong effects on the determination of soil moisture 
with this type of sensor [Schmugge 1978].  
Results from many earlier efforts to detect soil moisture using long-wave 
radiation [Idso et al., 1975] concluded that a wetted soil was cooler than a dry soil during 
daytime hours but warmer than dry soil conditions at night [Idso et al., 1975].  The 
outcomes suggested a thermal inertia methodology involving the measurement of the 
minimum and maximum soil temperatures with the difference related to moisture content 
[Idso et al., 1975]. The methods when used on varying soil types demonstrate that 
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surface-soil temperature and soil moisture were linear in soil depths up to 4cm deep and 
non-linear in the shallow surface layers [Idso et al., 1975b].      
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CHAPTER 3 
CLIMATE AND WEATHER 
Precipitation varies in the Mojave Desert based on location and seasonality with 
weather as a primary agent controlling the structure and function of desert ecosystems.  
As our weather patterns change, our ability to monitor these changes can be effectively 
viewed and researched with remote satellite data in conjunction with our existing network 
of ground-based sensors.  
The Mojave Desert occupies the southwestern basin and range region dominated 
by rugged complex geologic features, alluvium filled basins and topographic 
multiformity.  The desert surfaces have developed through pedogenesis (the process of 
soil formation).  Surface characteristics change overtime as materials (sand, silt, clay and 
plant materials) are deposited through windblown deposition and by means of weathering 
[Miller et al., 2008].    
The precipitation distribution of the Mojave Desert is connected to events in the 
Pacific Northwest (winter) and the coast of Baja California (summer) with relatively wet 
periods, and extended dry periods or droughts equally influencing desert ecosystems 
[Hereford et al., 2006].  The Mojave Desert region is rain shadowed.  Precipitation 
generated from the Pacific Ocean through the central valley of California is intercepted 
by the 640km Sierra Nevada mountain range that significantly redirects rain and snowfall 
from entering the desert region.  Encompassing roughly 152,000 km² of arid landscape, 
the Mojave’s annual precipitation totals range from 34 to 310mm/yr [Hereford et al., 
2006].  The desert ecosystem is dynamic with distinct cool-season and warm-season 
precipitation patterns.  Understanding the role of weather, hydrologic processes, varied 
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surface characteristics and soil moisture in these water restricted lands is important to 
monitoring ecosystem dynamics.   
      Soil moisture dynamics in deserts ecosystems are driven primarily by precipitation 
and evaporation [Miller et al, 2008]. The Mojave is separated by two distinct 
precipitation cycles, winter and summer.  The annual bi-seasonal patterns are of regional 
significance to the desert environment [Hereford et al., 2006]. The Mojave ecosystem 
anticipates cool-season storms beginning in October and ending in April.  The sources for 
regional recharge in the desert these Pacific driven storm systems are of great importance.  
Described as widespread, slow-moving and low-intensity precipitation events, they 
provide considerable yearly rainfall totals [Hereford et al., 2006, Miller et al., 2010].  In 
contrast, the warm months of July through September, rainfall events develop off the 
coast of Baja California.  They are a seasonal reversal of tropical moisture in the form of 
monsoonal convective storms [Miller et al., 2010]. Warm-season precipitation is 
characterized as spatially restricted, intermittent storm events.  Rainfall is localized, 
intense with wide-spread flash flooding from precipitation in the form of thunderstorms 
[Hereford et al., 2006, Miller et al., 2010].  
      Consistent and accurate, metrological station data are principal sources for analyzing 
regional climates. Data such as precipitation, temperature, wind velocity, and soil 
moisture are routinely gathered from ground based sensors.  Although weather monitor 
stations have increased in numbers in the Mojave Desert, data inconsistency and 
variability from year to year is evident based on missing observations or the 
abandonment of stations [Hereford et al., 2006].  
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      To date, our discontinuous sensors frame a meteorological network lacking in spatial 
density and temporal consistency. The data collected is absent of fundamental 
observations relating surface fluxes over local and regional areas [Kahle 1977; Price 
1977].  Though lacking in spatial density our current network enables modeling of sparse 
weather station data together with hydraulic modeling for determining surface and 
groundwater interactions beneficial in many research approaches.   
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CHAPTER 4 
METHODS 
High-resolution ASTER and High-temporal MODIS 
The approach for mapping the Mojave Desert region involves using both ASTER 
and MODIS to provide the ideal spatial and temporal sampling to map individual storms 
and their effects on the seasonal conditions of the surface.    
      Individual ASTER scenes (Figure 4.1) were used to locate features and processes of 
interest.  The difference in ASTER to MODIS is spatial resolution. MODIS daily data 
sets (Figure 4.2) enabled a temporal consistency. 
 
 
Figure 4.1 ASTER AST L1B Registered Radiance at the Sensor V003 TIR. 
Nighttime brightness temperature is primarily a function of thermal inertia.  
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Figure 4.2 MODIS LST/E Daily L3 Global 1 Km Grid V5.  Resizing and re-projecting 
was necessary based on MODIS large coverage and capacity during processing. 
        
Our goal in better understanding random weather events began with a preliminary 
assessment of ASTER data.  The high spatial resolution of ASTER provides a remote 
spatial monitoring link covering large inaccessible areas.  MODIS enables temporal 
consistency through daily daytime and nighttime observations reducing the gaps 
associated with information from our current network of monitoring systems. 
 
Mosaic Generation 
        The steps (Figure 4.3) required in generating a thermally-consistent map begin 
with scene selection.  The Warehouse Inventory Search Tool for NASA (WIST) provided 
multiple nighttime thermal infrared ASTER scenes encompassing the geographical 
extents of the Mojave region.  An abundance of data was viewed utilizing both WIST and 
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REVERB.  The tools made searching for, pre-viewing and analyzing a large number of 
scenes more manageable while limiting incompatible data.  
 
 
                                                                                
 
Figure 4.3 Mosaic steps used in this analysis shown using the nighttime scenes. (Left) 
LST temperature orbit tracks are mosaicked without any manipulation of the emissivity-
separated temperature, and displayed in relative temperature. (Middle) Each orbit track is 
adjusted and blended with adjacent tracks to produce a seamless temperature mosaic. 
(Right) The seamless mosaic is stretched with a running filter to produce a higher-
contrast image that is conformed to the LST from a single orbital track. [In prep; Nowicki 
et al., 2013] 
 
ASTER scenes and granule metadata were evaluated based on location, 
continuous image acquisition, cloud cover, and season.  Surface variability, surface 
emissivity, soil permeability, temperature and storm activity were also considered.  
ASTER nighttime acquisitions (Figure 4.4) are collected less frequently than daytime 
scenes.  Limited by temporal consistency and void of atmospheric interference (i.e. cloud 
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cover), locating quality scenes for evaluation was challenging.  For this reason, the use of 
daily MODIS temperature data was important when quantifying our findings.    
  
 
Figure 4.4 ASTER image acquisitions for Las Vegas, NV.  
 
  AST_L1B granule data are provided for public use at LP DAAC and utilized for 
this research.  With a repeat time of 16 days, every attempt was made in the creation of 
continuous linear strips by day, month, year and the seasonality of precipitation.  For the 
Mojave Desert ecoregion, 60 ASTER TIR scenes dating from March 2004 through 
October 2011 were used in generating a nighttime mosaic with 75 ASTER VNIR scenes 
completing the daytime mosaic (Appendix A-34).  
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Illustrated by individual ASTER 60km x 60km scenes (Figure 4.5) collected 
during the same orbital path [Scheidt et al., 2008] creating linear strips (1-7 scenes) of 
images in developing the regional mosaic.  
 
 
Figure 4.5 ASTER TIR nighttime images encompassing the Mojave. [Nowicki and 
Skuse 2013] 
 
 
 
Mosaic processing techniques (Figure 4.3) used involved; non-uniformity 
correction, running contrast stretches, line and row correlated noise removal, and random 
noise removal. These techniques were applied using data processing algorithms originally 
developed for the 2001 Mars Odyssey Thermal Emission Imaging System infrared multi-
 26 
 
spectral imager data, allowing users to construct mosaics based on thousands of images 
[Edwards et al., 2011].  
Given the unpredictability of weather related events, a wide-range of dates and 
years were required to complete the mosaic.  Compiling scenes over a range of seasons 
makes it difficult to obtain quality scenes void of clouds, seasonal effects and 
precipitation essential for data processing and critical in the process of locating 
observable storm events within the region.   Together with the overall AST_L1B mosaic 
data (Appendix A-30), individual scenes of the Eldorado Valley (Table 4.1) and Sheep 
Range (Table 4.2) were added. 
 
Summary of ASTER metadata: 
Date Granule ID Night Time (PST) Cloud cover 
03-Jan-09 AST_L1B_00301032009054849_20100918093421_7213 5:48:49 UTC 18 
08-Mar-09 AST_L1B_00303082009054859_20100916082549_21774 5:48:59 UTC 1 
16-Nov-08 AST_L1B_00311162008054817_20100919212151_14602 5:48:17 UTC 1 
17-Oct-11 AST_L1B_00310172011054121_20111018102151_25160 5:41:21 UTC 1 
 
AST_L1B_00310172011054130_20111018102201_25192 5:41:30 UTC 0 
19-Aug-07 AST_L1B_00308192007054209_20101002231307_27826 5:42:09 UTC 0 
 
AST_L1B_00308192007054218_20101002231317_27892 5:42:18 UTC 5 
19-Nov-09 AST_L1B_00311192009054814_20100908201127_20589 5:48:14 UTC 1 
20-Feb-09 AST_L1B_00302202009054857_20100916222555_27044 5:48:57 UTC   99 
26-Apr-06 AST_L1B_00304262006054118_20101025082709_15259 5:41:18 UTC 1 
 
AST_L1B_00304262006054127_20101025082720_15460 5:41:27 UTC 1 
30-Aug-11 AST_L1B_00308302011054129_20110831130346_18697 5:41:29 UTC 0 
 
AST_L1B_00308302011054137_20110831130356_18707 5:41:37 UTC 0 
     
Table 4.1 ASTER nighttime scenes metadata Eldorado Valley.  Individual images 
were used in the mosaic, and in relating field calibration locations.  
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Date Granule ID Night Time (PST) Cloud cover 
04-Oct-04 AST_L1B_00310042004054723_20101126184208_8929 5:47:23 UTC 29 
05-Mar-08 AST_L1B_00303052008054806_20100914195923_22481 5:48:06 UTC 0 
08-Oct-11 AST_L1B_00310082011054739_20111003103329_8912 5:47:39 UTC 5 
09-Nov-11 AST_L1B_00311092011054740_20111110092344_17826 5:47:08 UTC 0 
17-Oct-11 AST_L1B_00310172011054130_20111018102201_25192 5:41:30 UTC 0 
 
AST_L1B_00310172011054139_20111018102211_25256 5:41:39 UTC 1 
24-Oct-11 AST_L1B_00310242011054742_20111025100615_17707 5:47:42 UTC 0 
27-Apr-04 AST_L1B_00304272004054812_20101204074247_16780 5:48:12 UTC 0 
 
Table 4.2 ASTER nighttime scenes metadata Sheep Range.  Images were primarily 
used in relation to storm events, field calibration and regional mosaics.  
 
 
Compared with ASTER scenes, the quantity of daily MODIS daytime and 
nighttime images was significant. Approximately 5,000 images were downloaded and 
catalogued to quantify ASTER observations and meteorological data.  MODIS scene 
selection void of cloud cover is unavoidable and challenging.  Possessing multiple years 
of daily data once processed, atmospheric interference was determined providing another 
layer of assessment.  
Using Exelis ENVI (ENVI) spectral image processing and image analysis 
software, all MODIS images were processed.  The initial calibration selection (Figure 
4.6) was determined using a region of interest (point) and applied to the MODIS yearly 
data set stacks.  Surface temperature observations (Figure 4.7) from field calibration point 
data point (FCDP-1) located on the Sheep Range alluvial fan complex at 36°25'0.00"N, 
115°19'10.02"W were then generated. 
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Figure 4.6 MODIS field calibration data point.  FCDP-1 data point was chosen based 
on location and relationship to existing meteorological sites. 
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Figure 4.7 MODIS daily daytime and nighttime temperature data 2005-2011.  
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Meteorological Data 
The primary objective of accumulating precipitation data from multiple 
meteorological ground based sensors (Figure 4.8) is to investigate the source of 
temperature depressions revealed through thermal observations and aligned with 
temperature retrievals as they relate to rainfall events and cloud cover observed from 
ASTER and MODIS sensors. Historical precipitation data was gathered from ground-
based meteorological sensors from January 1, 2005 - December 31, 2011.  The public 
data was collected using the Clark County Regional Flood Control District - Flood 
Control Recognition System (CCRFCD) and the Nevada Climate-Echydrological 
Assessment Network (NevCAN) sites.   
The CCRFCD maintains a comprehensive network of monitoring stations 
whereas NevCAN is limited by location.  The main difference is that NevCAN provides 
real-time data of energy fluctuations above and below the earth’s surface.  Sensors 
measure surface temperature and thermal flux, soil infiltration and percolation, soil water 
content (volumetric), and subsurface soil water flow are based on individual locations.  
The advanced data collection system NevCAN has in place facilitated the decision to 
select the site as our primary study area. 
CCRFCD flood control recognition system archives historical and current data 
pertaining to events within the network of weather gauges.  Individual field gauge sensor 
data accessed from the district network consisted of daily rainfall summaries, 
temperature, wind speed-direction, relative humidity and water levels within various 
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detention basin locations.  Users can display reports from a given sensors type, ID and 
location in examining all relevant weather data.   
 
 
Figure 4.8 CCRFCD and NevCAN ground-based meteorological collection sites. 
Sites are located nearby Las Vegas, NV.  Image provided by ESRI in ArcGIS. 
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Weather monitoring stations in the Mojave basin and range study areas 
encompassing Las Vegas, Nevada included two research sites: 1) the Eldorado valley 
possessing a network of CCRFCD stations and 2) the Sheep Range maintaining the 
Sheep Range Desert Shrub (SRDS) - part of a series of NevCAN sites and CCRFCD 
locations.  The research sites and monitoring stations (Figures 4.9 and 4.10) were selected 
based on historical and current data, accessibility and instrumentation.  
 
 
  
  
 
Figure 4.9 Eldorado Valley CCRFCD Flood Control Recognition sites. 
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Eldorado valley area maintains 4 CCRFCD sites: 
 Station ID 4824 - Veterans Memorial Basin, Boulder City NV    
 Station ID 4834 – Boulder City SW  
 Station ID 4814 - Nelson, NV  
 Station ID 5124 - Searchlight, NV  
 
 
  
  
 
Figure 4.10 Sheep Range CCRFCD Flood Control Recognition sites. 
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Sheep Range maintains the NevCAN site(s) and 4 CCRFCD sites: 
 Sheep Mountain Desert Shrub – NevCAN (primary) 
 Station ID 4014 – Fossil Ridge    
 Station ID 3949 – Corn Creek 
 Station ID 3929 – Grapevine Springs 1  
 Station ID 4044 –Castle Rock 
 
Eldorado Valley - Research Site 1 
      The Eldorado valley (Figure 4.8) located southwest of Boulder City Nevada and 
northwest of Searchlight Nevada  is approximately 56 km in length (north-south) and 29 
km in width (east-west).  An endorheic basin with no outflow, the northern terminus of 
the valley south of Boulder City is depicted by the dry lake or salt pan area.   
CCRFCD Boulder City SW station 4834 (Figure 4.11) is located central to the 
Eldorado valley,  monitoring wind speed and direction, dew point, precipitation, relative 
humidity and temperature data.  Each flood recognition site gathers a range of sensor 
data. CCRFCD monitoring stations 4824 (Veterans Detention Basin), 4814 (Nelson), 
5124 (Searchlight) and NOAA (Searchlight) provided supplementary rainfall 
accumulations within and neighboring the Eldorado Valley. 
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Figure 4.11 Boulder City SW, Eldorado Valley.   
Boulder City SW - CCRFCD 
ID: Station 4834 (full weather station) 
Location: Eldorado Valley, NV (35° 47' 20" - 115° 1' 45") 
Installed: July 18, 2007 
 
 
Sheep Range - Research Site 2 
      The Sheep Mountain range (Figure 4.8) is located approximately 35km NNW of Las 
Vegas, Nevada. SRDS (Figure 4.12) is a full weather station and component in the 
Nevada Climate Change Project a joint research project funded by the National Science 
Foundation Experimental Program to Stimulate Competitive Research.   
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Figure 4.12 SRDS, Sheep Range.  
Nevada Climate-Echydrological Assessment Network - NevCAN  
ID: Sheep Range Desert Shrub (full weather station) 
Location: Sheep Range (36° 26' 24" - 115° 21' 21") 
Installed: 2010 
 
 
The meteorological station is situated at an altitude of 900 meters and is the 
lowest of a five station basin to mountain transect.  SRDS is located on an alluvial fan at 
the base of the sheep range. The station has a wide range of soil, plant and atmospheric 
sensors.  A complete description and detailed illustrations of equipment and sensors can 
be accessed at the Nevada Climate Change Portal. CCRFCD monitoring stations 4014 
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(Fossil Ridge), 3949 (Corn Creek), 3929 (Grapevine Springs 1) and 4044 (Castle Rock) 
provided corresponding rainfall summaries contiguous to the Sheep Range. 
     
Data Processing 
      With ENVI image analysis, MODIS daily daytime and nighttime land surface 
temperature data were selected from the MYD11A1 image data.  Individual processing of 
daytime and nighttime surface temperature images was time intensive.  By year, day and 
time of day, from 2005 through 2011, daily image stacks were created. The procedure 
while lengthy processed quickly through ENVI using an image layer stacking method.  
Prior to stacking, data correction was necessary for compatibility (i.e. header errors, 
resizing and re-projection) providing quick retrieval of individual pixel data point(s) and 
land surface temperature data. 
     The MODIS LST data were processed and then graphed accordingly by year.  
Illustrated in the 2011 daily nighttime temperature graph (Figure 4.13) are daily 
temperatures, 2005-2011 nighttime averages, image acquisitions and rainfall events.  
ASTER mosaic images were added by date to locate scenes surrounding rainfall events.  
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Figure 4.13 MODIS daily nighttime temperatures 2011. Daily nighttime temperatures 
are available based on the selected location/pixel, and once obtained, graphed together 
with corresponding data. The calibration point, FCDP-1 is above.  
 
       
Field Data - Calibration Points 
      The necessity of quantifying data relating to moisture assessment is an essential 
component to the validation process in modeling moisture content [Scheidt et al 2010].  
Intermittent rainfall events and their affects while mapping the mechanical composition 
of surface materials as rock type, soil type, and vegetation in the Mojave are important 
factors in our analysis. Calibration and validation data points were chosen possessing 
homogeneity in surface materials, soil composition and thermal characteristics relating to 
mapping and observable temperature changes.  
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      The characteristic and remote locations of arid geographic regions are rugged, 
inaccessible aeolian environments, making assessment of all areas difficult.  
Geographical and weather related constraints aside, large-scale field based assessments 
measuring soil moisture of this extent can be problematic, time consuming, and highly 
expensive.  Soil characteristics and weather related variables require validation through 
in-situ methods by means of highly-sensitive specialized equipment for measuring low 
water content in arid desert environments [Scheidt et al. 2010].   
While locating features using 90m high-resolution ASTER satellite imagery, in-
situ field data is essential in determining the varied surfaces exposing distinct thermal 
characteristics of materials.  SRDS field calibration and validation point (FCDP-1) and 
59 additional data points have been identified furthering a regional assessment 
encompassing the Mojave.  
A comprehensive review of acquired ASTER nighttime images (Appendix; A-30 
to A-32) in search of intermittent rainfall over varied regions in the Eldorado valley 
(Figure 4.14) and SRDS (Figure 4.15) provided multiple images for assessment.  The 
analysis of varied nighttime temperature observations of individual images can be 
determined and further quantified through MODIS temperature data (Appendix A-29). 
The differences provide the foundation in determining temperature anomalies 
(depressions) associated with intermittent rainfall on a regional basis.   
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Figure 4.14 Eldorado Valley nighttime ASTER image acquisitions. a) November 16, 
2008 b) February 20, 2009 and c) March 08, 2009.  Images were selected in connection 
to past wetting events revealed through precipitation data.  TES was applied and images 
shown are land surface temperature. 
 
 
 
 
A B C 
 
Figure 4.15 Sheep Mountain Range nighttime ASTER image acquisitions. a) October 
08, 2011 b) October 24, 2011 and c) November 09, 2011. Images were selected in 
connection to past wetting events revealed through precipitation data. TES was applied 
and images shown are land surface temperature.  
 
      The series of ASTER nighttime images surrounding SRDS and FCDP-1 were visually 
inspected in an attempt to locate lower temperatures.  Nighttime brightness temperature is 
primarily a function of thermal inertia.  Simply stated, nighttime scenes (Figure 4.15) 
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illustrating lighter features are warmer in temperature and darker features are typically 
cooler in temperature.  Temperatures values are altered by season, elevation, cloud cover 
and precipitation.  Using ENVI, emissivity and temperature were separated by means of 
TES independently to examine surface data by pixel and region.  Precipitation events 
occurring in September, October and November 2011 (Appendix A-8 and A-28) provided 
intermittent periods relating image acquisition corresponding with precipitation data 
gathered at SRDS.  Three images - October 8 (wet), October 24 (dry), and November 9 
(wet), were grouped and stacked creating an RGB image (Figure 4.16) composite.  
 
 
Figure 4.16 RGB nighttime ASTER image stack. R) November 09, 2011 G) October 
24, 2011 and B) October 08, 2011.  A region of interest (red circle) contiguous to the 
research sites was applied revealing lower temperatures occurring after precipitation 
events. The arbitrary profile (blue transect) is shown within the ROI.  
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The temporal limitations of ASTER (Figure 4.4) were negligible as image 
acquisitions relating to rainfall events at SRDS were established.  Two methods of image 
analysis were an arbitrary profile (transect) and region of interest (ROI).  The ROI is an 
average of pixels covering a greater area that blanketed the CCRFCD stations, SRDS and 
FCDP-1 whereas the transect profile is a linear accumulation of per pixel temperature 
data.   
The NevCAN equipment consisted of four soil monitors measuring soil 
volumetric water content at varying depths. The following is a brief summary of the 
monitoring sensors. 
Moisture sensor data collection: 
- Deployment: Soil monitors -  
- 4-inch horizontal – 10.16cm depth (Campbell Scientific Inc., 229) 
- *8-inch horizontal – 20.32cm depth (Campbell Scientific Inc., 229) 
- 2-17-cm vertical – 9.5cm depth (Acclima TDT) 
- 17-32-cm vertical – 24.5cm depth (Acclima TDT) 
- Monitoring system: Soil 
- Measured property: Volumetric water content 
- Measurement type: Average 
- Measurement interval: 0:10:00 min. 
- Time stamped: 24 hour period 
 
*The 8-inch horizontal monitor failed on 9/18/2011 at 17:50 p.m.  The data reviewed up 
until that point consistently measured water content.  Rainfall occurred prior to that date 
based on soil moisture readings beginning on 9/14/2011 correlated with increased values 
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at the shallower depths.  Intermittent readings of zero (0) from that point in time rendered 
the data for the sensor unusable.  
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CHAPTER 5 
RESULTS 
We are attempting to present key findings while highlighting the evidence of how 
intermittent rainfall events will produce observable temperature depressions effecting 
thermal mapping.  Rainfall characteristics (i.e. timing intensity and duration) impacting 
soil moisture content based on the seasonality of precipitation.  Thermal mapping can be 
used to predict soil moisture content.  Then mapping with thermal infrared remote 
sensing observations can be used to recognize storm activity and quantify soil moisture 
content.  
Locating Temperature Depressions 
The first step in examining intermittent rainfall producing temperature differences 
were the outcomes of an arbitrary profile (Figure 5.1).   
 
 
 Figure 5.1 Temperature profile. The x-axis values are individual pixel(s) following the 
arbitrary transects and the y-axis values are temperatures (K) over varied surfaces. 
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ENVI provided the ability to analyze data of multiple ASTER TIR images.  TIR 
images were collected and analyzed with a temperature profile showing evidence of 
recognizable depressions.  The region of interest provided corresponding data revealing a 
temperature disparity (Table 5.1).  MODIS daily nighttime temperature data for the 
months of October and November in 2011 (Appendix A-29) revealed similar findings.  A 
more in-depth analysis using MODIS data, intermittent rainfall events, and cloud cover, 
are discussed later. The results of locating images surrounding intermittent rainfall 
suggest temperature depressions effect thermal mapping. 
     
Date Min. Temperature Max. Temperature 
October 08, 2011 276.0 283.9 
October 24, 2011 278.0 289.5 
November 09, 2011 265.8 276.2 
 
Table 5.1 ASTER ROI nighttime temperatures related to wetting events. 
 
      
Mojave Desert Rainfall Events and Temperature Depressions 
A series of intermittent rainfall events began the process of establishing 
temperature depressions.   In the southern Nevada region of the Mojave Desert, twenty-
four hour precipitation data were collected from CCRFCD and SRDS monitoring stations 
in November, February and March of 2009 in Eldorado valley and March through 
December of 2011 at Sheep Range (Figure 5.2).  
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Figure 5.2 Eldorado Valley and Sheep Range rainfall totals. SRDS and CCRFCD 24 
hour precipitation totals by year and station. Individual station totals can be found in 
Appendix Table A-1 through A-6. ASTER images selected for assessment are circled in 
red. 
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The Mojave Desert experiences rainfall amounts of 34 to 310mm/yr and long-
term averages of 137mm/yr [Hereford et al., 2006] with the Las Vegas valley receiving 
only 88.9mm to 114.3mm during a single year.  November, February and March of 2009, 
the Eldorado valley encountered a series of rainfall events (Table 5.2) totaling 221mm of 
precipitation - approaching two times the long-term yearly average for the Mojave.   
 
EV Station Nov.08’ (in) Dec.08’ (in) Jan.09’ (in) Feb.09’ (in) Mar.09’(in) 
4824 0.48” 0.4” 0.16” 0.71” 0.0” 
4834 0.59” 1.03” 0.12” 0.83” 0.0” 
4814 0.44” 0.26” 0.08” 0.51” 0.0” 
5124 0.75” 0.6” 0.12” 1.15” 0.0” 
 
Table 5.2 Rainfall amounts within the Eldorado Valley.   
 
 
In September, October and November of 2011, comparable precipitation totals of 
143.5mm were recorded at the Sheep Range (Table 5.3).  The Sheep Range monitoring 
stations are located on the Sheep Range alluvial fan (north) and the Kyle Canyon fan 
(south) terminating in the Corn Creek wash adjacent to U.S. Highway 95.  Detailed 
information is provided on the Corn Creek geological map (Appendix A-33).  The 
variables time-stamped and measured consisted of precipitation – SRDS/CCRFCD and 
volumetric soil water content – SRDS.  The rainfall events occurring at Sheep Range are 
detailed in relationship to ASTER data acquisition (Table 5.4).  
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Sheep Station ID Sept.11’ (in) Oct.11’ (in) Nov.11’ (in) 
NevCAN 1.52” 0.52” 0.04” 
4014 0.32” 0.16” 0.08” 
3949 0.44” 0.24” 0.00” 
3929 0.91” 0.59” 0.00” 
4044 0.47” 0.2” 0.12” 
 
Table 5.3 Rainfall amounts within the Sheep Range.   
 
Date SRDS (in) 4014 (in) 3949 (in) 3929 (in) 4044 (in) 
9/11/11 0.12” 0.00” 0.04” 0.04” 0.00” 
9/13/11 0.44” 0.2” 0.28” 0.28” 0.35” 
9/14/11 0.85” 0.12” 0.12” 0.59” 0.12” 
9/30/11 0.11” 0.00” 0.00” 0.00” 0.00” 
10/3/11 0.06” 0.12” 0.08” 0.16” 0.04” 
10/4/11 0.4” 0.00” 0.08” 0.31” 0.12” 
10/5/11 0.06” 0.04” 0.08” 0.12” 0.04” 
10/8/11 ASTER ASTER ASTER ASTER ASTER 
10/5 to 11/3 0.00” 0.00” 0.00” 0.00” 0.00” 
10/24/11 ASTER ASTER ASTER ASTER ASTER 
11/4/11 0.03” 0.08” 0.00” 0.00” 0.12” 
11/5/11 0.01” 0.00” 0.00” 0.00” 0.00” 
11/9/11 ASTER ASTER ASTER ASTER ASTER 
 
Table 5.4 ASTER image acquisition in relationship to intermittent rainfall.  
 
 
Rainfall Characteristics Impact on Moisture Content 
The timing, intensity and duration of rainfall had a pronounced effect on moisture 
content.  Representing an increase in soil moisture, NevCAN measured a series of 
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fourteen intermittent rainfall events from April to November 2011 (Figure 5.3).  The 
relationship of rainfall intensity (amounts) and timing is directly related to the increase in 
volumetric soil moisture content values.   
 
 
Figure 5.3 Sheep Range Desert Shrub moisture content. Increased readings from 
SRDS measured soil moisture content after rainfall events in conjunction with acquired 
ASTER imagery.   
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winter bi-seasonal precipitation.  The relationship(s) of isolating rainfall amounts 
regardless of time to moisture content (Figure 5.4).   
 
 
 
Figure 5.4 September, October and November 2011 moisture content.  
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rainfall, this suggest a change in moisture content based on the seasonality of 
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Figure 5.5 Temperature differences and intermittent rainfall.  
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Figure 5.6 MODIS daytime minus nighttime surface temperature change. 
 
 
Figure 5.7 MODIS daily daytime and nighttime surface temperature change. 
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Earlier studies suggested thermal inertia could be used to measure soil moisture 
content [Idso et., al 1975].  Our results suggested in certain cases thermal mapping can be 
used to predict soil moisture content.  Intermittent storm events provide a connection 
between soil moisture and thermal inertia [Kahle 1977; Price 1977], associated with 
wetting and drying cycles and related temperature anomalies.   
However temperature depressions associated with daytime (Figure 5.8) and 
nighttime (Figure 5.9) cloud cover could not be distinguished from those resulting from 
rainfall events.  In effect, relating temperature depressions exclusively to intermittent 
rainfall versus cloud cover was complicated.    
 
 
Figure 5.8 Daytime surface temperature changes to cloud cover. 
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Figure 5.9 Nighttime surface temperature changes to cloud cover. 
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36) were gathered. Time of day was important in an effort to relate temperature readings 
with satellite overpass times. The data collected from a handheld global positioning 
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Surface temperature, surface characteristics and GPS coordinates were gathered 
while incorporating an arbitrary 90m pixel at SRDS/FCDP-1 (Figure 5.10) and Boulder 
City SW 4834 (Figure 5.11).   
 
 
 
Figure 5.10 Sheep Range Desert Shrub 90m field pixel.  
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Figure 5.11 Boulder City SW 90m field pixel.  
 
FCDP-1 MODIS average daily temperatures are listed in comparison to FCDP-1 field 
observations. 
MODIS Daytime: 
2005-319; 2006 –NA; 2007- 314; 2008-320;  
2009-314; 2010-320; 2011-NA; - Average/318K 
Field comparison: 
September 14, 2012 - 325.15K 
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MODIS Nighttime: 
2005-285; 2006-291; 2007-291; 2008-287;  
2009-NA; 2010-291; 2011-NA; - Average/289K 
Field Comparison (range only): 
October 1, 2012 - 289 to 296K  
 
Images provided visual surface characteristics (Figure 5.12) and thermal 
measurements (Figure 5.13).  The FLIR 30BX Thermal Infrared Imager provided 
simultaneous acquisition of both visual and thermal images.    
 
 
 
Figure 5.12 Sheep Range field assessment - visual image.  Bar and channel surface 
characteristics of the Sheep Range alluvial fan. 
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Figure 5.13 Sheep Range daytime TIR field image and reading.  
 
 
Field measurements were gathered at several locations containing varied surface 
characteristics surrounding SRDS and FCDP-1.  The dissimilar surfaces characteristics 
were evaluated in connection to temperatures differences associated with rainfall events. 
Through field analysis, the variability is associated with the existing bar-and-channel 
surface morphology [Bell et al., 1999] of FCDP-1.   
On October 1, 2012 at 10:35 p.m. and approximately 12:35 p.m. nighttime TIR 
field measurements of varied surfaces were completed at the Sheep Range and Eldorado 
valley locations.  The nighttime thermal image (Figure 5.14) provided a variable 
measurement range of ~ 13C to 23C (scale bar) within the field-of-view.   
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Figure 5.14 Sheep Range/FCDP-1 nighttime field reading.   
 
 
The results of our field calibration measurements from the Sheep Range - SRDS, 
FCDP-1 and Eldorado valley – Boulder City SW revealed equivalent surface 
temperatures acquired from ASTER scenes and daily MODIS daytime and nighttime 
temperatures. 
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CHAPTER 6 
CONCLUSION 
 This project comprises a number of steps toward a better understanding of soil 
moisture in arid regions. The hypothesis that mapping with thermal infrared remote 
sensing observations can be used to map the distribution of moisture in the soil was tested 
with the use of both ASTER and MODIS datasets.  The connection between individual 
rainfall events characteristics (i.e. timing intensity and duration) and impacts in soil 
moisture was quantified using EPSCOR NevCAN weather station and soil moisture 
gauges.  The results of this study indicate that it is difficult to quantitatively determine 
soil moisture only from remote thermal infrared imagery, but one hopeful result suggests 
that mosaics of LST compiled from observations taken from many different seasons are 
applicable for surface mechanical compositional mapping, even with intermittent storm 
events.  
 Land surface temperatures were mapped across the Mojave at high resolution 
(90m/pixel) and moderate resolution (1000m/pixel) using ASTER and MODIS datasets 
respectively.  In the high-resolution imagery, a major concern was that intermittent 
storms could change the surface temperature patterns that were unrelated to surface 
mechanical composition.  These temperature variations could then be used to map the 
distribution of wetting events.  MODIS LST observations, acquired twice daily have the 
temporal resolution to determine these short-term temperature changes.  Unfortunately, 
the amount of time that a surface is wet enough to indicate the presence of evaporating 
water is shorter than the MODIS observations could quantify.  In the fourteen storms 
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mapped, there was no appreciable temperature variation that was significantly different 
from the cooling that occurs from cloudy days. 
 Quantifying the changes in soil moisture from individual storms was easily 
accomplished with the use of the NevCAN site north of the Las Vegas metropolitan 
region.  There was a notable threshold for rain events that could cause soil moisture 
increases at the 9.5 cm depth.  Storms less than 0.2” rarely caused any change in soil 
moisture, unless they occurred in succession with other storm events.  The smaller 
storms, on the order of 0.01”, 0.03” and 0.06” seemed to penetrate the layer above the 9.5 
cm sensor and simply evaporate without reaching any depth.  The other interesting result 
is that the water did not seem to remain in the very near surface for long, considering that 
the cooling effects of evaporation seemingly disappeared by the next MODIS overpass.  
 The use of diurnal MODIS imagery did not produce the results that were 
expected.  Rather than storm events causing surface cooling that lingers for days, the 
surface temperatures were not anomalously low after rain storms.  Cloudy days 
contribute to surface cooling, and it was in only the largest storm events that a noticeable 
temperature change was observed in the MODIS scene.  Therefore, using MODIS or 
ASTER imagery to mapping the distribution of soil moisture or even the changes to soil 
moisture is not an easy task.  There is no easily quantifiable change that occurs at the 12-
hour temporal resolution that can be used to signal increases in near-surface water 
content.  
 The most favorable result from this work was the quantification of the regularity 
of LST from season to season and year to year.  The assumption that thermal mapping on 
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a regional scale is rife with errors due to short-term and small-scale weather effects seems 
to not be the case.  Rather, the variability in surface temperature from cloud-cover and 
precipitation seems to be relatively low compared to temperature due to seasonal changes 
in solar insolation.  This suggests that ASTER scenes, taken from different seasons and 
years contain weather effects that are relatively minor, and that using a varied set of 
observations produce a daytime or nighttime scene that is more consistent than previously 
thought.    
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APPENDIX  
DATA 
Figure A-1  Metrological data for Eldorado Valley - Research Site 1 
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Mosiac ASTER Images 
Eldorado ASTER 
Images 
  2005          2006          2007          2008           2009           2010         2011                             
Installed Station ID - Name Location Type 
9-Jun-06 4824 – Vets Detention Basin  35° 58' 33" - 115° 51' 25" Full  
18-Jul-07 4834 – Boulder City SW  35° 47' 20" - 115° 1' 45" Full  
04-Aug-05 4814 – Nelson  35° 42' 5" - 115° 53' 30" Full  
28-Sept-90 5124 – Searchlight  35° 27' 28" - 114° 54' 32" Precip. 
Unknown Searchlight NOAA   35.46611, - 114.92167 Precip. 
 64 
 
Figure A-2 Nelson – 4814 
 
 Installed Station ID - Name Location Type 
14-Aug-05 4814 – Nelson  35° 42' 5" - 115° 53' 30" Full  
 
 
 
 
Figure A-3 Veterans Memorial Detention Basin – 4814 
 
Installed Station ID - Name Location Type 
9-Jun-06 4824 – Vets Detention Basin 35° 58' 33" - 115° 51' 25" Full 
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Figure A-4 Boulder City SW – 4834 (Central to Eldorado Valley) 
 
Installed Station ID - Name Location Type 
18-Jul-07 4834 – Boulder City SW  35° 47' 20" - 115° 1' 45" Full  
 
 
 
Figure A-5 Searchlight - 5124 
 
 Installed Station ID - Name Location Type 
28-Sept-90 5124 – Searchlight  35° 27' 28" - 114° 54' 32" Precip. 
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Figure A-6 Searchlight NOAA - US COOP 
 
Installed Station ID - Name Location Type 
Unknown 26-7369-04 Searchlight NOAA 35.46611, - 114.92167 Precip 
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Figure A-7 Metrological Data for Sheep Range - Research Site 2 (PRIMARY) 
 
Installed Station ID – Name Location Type 
            -10 Sheep Range Desert Shrub 36° 26' 24" - 115° 21' 21" Full 
03-May-89 4014 – Fossil Ridge 36° 25' 51" - 115° 17' 8" Full 
27-Jul-05 3949 – Corn Creek NW  36° 25' 41" - 115° 25' 57" Precip. 
04-Aug-05 3929 – Grapevine Springs 1  36° 20' 21" - 115° 25' 16" Precip. 
03-Aug-89 4044 – Castle Rock   36° 21' 57" - 115° 13' 49" Precip. 
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Figure A-8 NevCAN - Sheep Range Desert Shrub 
 
Installed Station ID - Name Location Type 
           -10 Sheep Range Desert Shrub 36° 26' 24" - 115° 21' 21" Full 
 
 
 
 
Figure A-9 Fossil Ridge – 4014 
 
Installed Station ID - Name Location Type 
03-May-89 4014 – Fossil Ridge  36° 25' 51" - 115° 17' 8" Full 
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Figure A-10 Corn Creek – 3949 
 
 Installed Station ID - Name Location Type 
27-Jul-05 3949 – Corn Creek NW 36° 25' 41" - 115° 25' 57" Precip. 
 
 
 
 
Figure A-11 Grapevine Springs 1 – 3929 
 
Installed Station ID - Name Location Type 
04-Aug-05 3929 – Grapevine Springs 1  36° 20' 21" - 115° 25' 16" Precip. 
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Figure A-12 Castle Rock - 4044 
 
Installed Station ID - Name Location Type 
03-Aug-89 4044 – Castle Rock   36° 21' 57" - 115° 13' 49" Precip. 
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Figure A-13   MODIS Daily Daytime Temperature Data 2005-2011 
 
Years MODIS Product Calibration Point  Type 
2005-11 LST/E Daily L3 Global 1km 36° 25'0.00" - 115° 19 10.02" Day 
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Figure A-14   MODIS Daily Daytime 2005 
 
Year MODIS Product Calibration Point  Type 
2005 LST/E Daily L3 Global 1km 36° 25'0.00" - 115° 19 10.02" Day 
 
 
 
 
 
 
 
 
2005 Daytime Data 
 
High: 332.42 - 7/16/05 
Low: 280.36 – 1/11/05 
Yearly Average: 307.99  
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Figure A-15   MODIS Daily Daytime 2006 
 
Year MODIS Product Calibration Point Location Type 
2006 LST/E Daily L3 Global 1km 36° 25'0.00" - 115° 19 10.02" Day 
 
 
 
 
 
 
 
 
2006 Daytime Data 
 
High: 331.16 – 6/22/06, 6/24/06 
Low: 273.78 – 1/14/06 
Yearly Average: 307.91 
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Figure A-16   MODIS Daily Daytime 2007 
 
Year MODIS Product Calibration Point Location Type 
2007 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Day 
 
 
 
 
 
 
 
 
2007 Daytime Data 
 
High: 335.48 – 7/04/07 
Low: 277.02 – 1/13/07 
Yearly Average: 308.71 
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Figure A-17   MODIS Daily Daytime 2008 
 
Year MODIS Product Calibration Point Location Type 
2008 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Day 
 
 
 
 
 
 
 
2008 Daytime Data 
 
High: 331.32 – 6/22/08 
Low: 273.62 – 12/26/08 
Yearly Average: 309.43 
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Figure A-18   MODIS Daily Daytime 2009 
 
Year MODIS Product Calibration Point Location Type 
2009 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Day 
 
 
 
 
 
 
 
 
2009 Daytime Data 
 
High: 332.6 – 7/17/09 
Low: 274.76 – 12/08/09 
Yearly Average: 308.53 
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Figure A-19   MODIS Daily Daytime 2010 
 
Year MODIS Product Calibration Point Location Type 
2010 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Day 
 
 
 
 
 
 
 
2010 Daytime Data 
 
High: 331.92 – 7/15/10 
Low: 276.42 – 12/31/10 
Yearly Average: 309.41 
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Figure A-20   MODIS Daily Daytime 2011 
 
Year MODIS Product Calibration Point Location Type 
2011 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Day 
 
 
 
 
 
 
 
 
2011 Daytime Data 
 
High: 330.8 – 6/23/11 
Low: 277.58 – 1/1/11 
Yearly Average: 308.22 
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Figure A-21   MODIS Daily Nighttime Temperature Data 2005-2011 
 
Year MODIS Product Calibration Point Location Type 
2005-11 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Night 
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Figure A-22   MODIS Daily Nighttime 2005 
 
Year MODIS Product Calibration Point Location Type 
2005 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Night 
 
 
 
 
 
 
 
 
2005 Nighttime Data 
 
High: 301.44 – 7/20/05 
Low: 262.74 – 12/15/05 
Yearly Average: 283.4  
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Figure A-23   MODIS Daily Nighttime 2006 
 
Year MODIS Product Calibration Point Location Type 
2006 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Night 
 
 
 
 
 
 
 
2006 Nighttime Data 
 
High: 299.94 – 7/17/06 
Low: 264.78 – 11/30/06 
Yearly Average: 282.74 
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Figure A-24   MODIS Daily Nighttime 2007 
 
Year MODIS Product Calibration Point Location Type 
2007 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Night 
 
 
 
 
 
 
 
 
2007 Nighttime Data 
 
High: 299.68 – 7/17/07 
Low: 259.95 – 1/14/07 
Yearly Average: 282.07 
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Figure A-25   MODIS Daily Nighttime 2008 
 
Year MODIS Product Calibration Point Location Type 
2008 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Night 
 
 
 
 
 
 
 
 
2008 Nighttime Data 
 
High: 299.72 – 8/16/08 
Low: 264.1 – 2/06/08 
Yearly Average: 282.22 
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Figure A-26   MODIS Daily Nighttime 2009 
 
Year MODIS Product Calibration Point Location Type 
2009 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Night 
 
 
 
 
 
 
 
 
 
2009 Nighttime Data 
 
High: 297.7 – 7/27/09 
Low: 251.82 – 12/23/09 
Yearly Average: 281.27 
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Figure A-27   MODIS Daily Nighttime 2010 
 
Year MODIS Product Calibration Point Location Type 
2010 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Night 
 
 
 
 
 
 
 
 
2010 Nighttime Data 
 
High: 300.6 – 12/31/10 
Low: 263.04 – 7/30/10 
Yearly Average: 282.97 
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Figure A-28   MODIS Daily Nighttime 2011 and SRDS rainfall events 
 
Year MODIS Product Calibration Point Location Type 
2011 LST/E Daily L3 Global 1km 36° 25'0.00", - 115° 19 10.02" Night 
 
 
 
 
 
 
 
 
2011 Nighttime Data 
 
High: 300.22 – 8/27/11 
Low: 262.38 – 12/17/11 
Yearly Average: 281.37 
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Summary of MODIS Daily Temperatures - prior to and after rainfall events 
Table A-29 MODIS daytime and nighttime temperatures   
 
Date 
Day 
Temps 
(K) 
Night 
Temps 
(K) 
9/6/2011 324.04 290.1 
9/7/2011 323.14 292.3 
9/8/2011 315.88 292.5 
9/9/2011 314.2 290.12 
9/10/2011 NULL 292.46 
*9/11/2011 NULL 287.64 
9/12/2011 313.94 289.86 
*9/13/2011 NULL 286.68 
*9/14/2011 NULL NULL 
9/15/2011 306.3 NULL 
9/16/2011 307.44 289.04 
9/17/2011 313.06 289.26 
9/18/2011 313.88 288.6 
9/19/2011 317.32 289.82 
9/20/2011 319.1 290.38 
9/21/2011 318.04 291.02 
9/22/2011 318.96 289.6 
9/23/2011 318.48 290.02 
9/24/2011 NULL 291.72 
9/25/2011 314.38 288.98 
9/26/2011 315.02 288.18 
9/27/2011 316.84 287.04 
9/28/2011 319.96 289.26 
9/29/2011 318.64 289.42 
*9/30/2011 NULL 289.46 
10/1/2011 310.4 NULL 
10/2/2011 NULL 290.16 
*10/3/2011 NULL NULL 
*10/4/2011 NULL NULL 
*10/5/2011 NULL NULL 
10/6/2011 NULL 277.18 
10/7/2011 298.24 277.64 
*10/8/2011 301.48 280.08 
10/9/2011 304.92 280.5 
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10/10/2011 NULL 281.86 
10/11/2011 307.22 281.34 
10/12/2011 311.74 285.04 
10/13/2011 312 283.82 
10/14/2011 311.56 286.1 
10/15/2011 311.12 281.28 
10/16/2011 312.08 285.5 
10/17/2011 306.96 288.18 
10/18/2011 310.46 282.98 
10/19/2011 312.18 283.66 
10/20/2011 309.2 281.3 
10/21/2011 310.36 284.48 
10/22/2011 311.6 282.66 
10/23/2011 311.64 284.4 
*10/24/2011 NULL 284.48 
10/25/2011 308.4 284.8 
10/26/2011 NULL NULL 
10/27/2011 299.02 273.96 
10/28/2011 305.32 276.84 
10/29/2011 306.84 277.44 
10/30/2011 307.74 280.12 
10/31/2011 306.88 280.8 
11/1/2011 300.32 280.9 
11/2/2011 299.98 274.28 
11/3/2011 NULL 272.52 
*11/4/2011 NULL 281.12 
*11/5/2011   NULL 271.34 
11/6/2011 NULL 271.64 
11/7/2011 290.02 272.16 
11/8/2011 294.76 271.8 
*11/9/2011 296.5 270.9 
11/10/2011 NULL 269.42 
11/11/2011 NULL 277.46 
11/12/2011 293.22 273.16 
11/13/2011 NULL 275.58 
11/14/2011 NULL 276.02 
11/15/2011 298.28 274.74 
11/16/2011 298.66 271.48 
*ASTER 
  
*Rainfall 
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Summary of ASTER Nighttime scenes metadata  
Table A-30 Mojave Desert ecoregion TIR Mosaic  
 
Date Granule ID Night Time (PST) Cloud cover 
22-Mar-05 AST_L1B_00303222005054147_20101119034436_14733 5:41:47 UTC 100 
19-Jul-05 AST_L1B_00307192005054659_20101108033742_17868 5:46:59 UTC 0 
 
AST_L1B_00307192005054752_20101108033842_18351 5:47:52 UTC 1 
 
AST_L1B_00307192005054708_20101108033752_17950 5:47:08 UTC 0 
 
AST_L1B_00307192005054716_20101108033802_18003 5:47:16 UTC 0 
 
AST_L1B_00307192005054725_20101108033812_18096 5:47:25 UTC 2 
 
AST_L1B_00307192005054734_20101108033822_18178 5:47:34 UTC 0 
 
AST_L1B_00307192005054743_20101108033833_18267 5:47:43 UTC 0 
26-Jul-05 AST_L1B_00307262005055318_20101107193625_10346 5:53:18 UTC 0 
 
AST_L1B_00307262005055309_20101107193616_10227 5:53:09 UTC 92 
1-Jul-10 AST_L1B_00307012010054821_20100831131153_21997 5:48:21 UTC 0 
 
AST_L1B_00307012010054812_20100831131143_21937 5:48:12 UTC 0 
 
AST_L1B_00307012010054804_20100831131133_21833 5:48:04 UTC 0 
 
AST_L1B_00307012010054755_20100831131123_21735 5:47:58 UTC 0 
 
AST_L1B_00307012010054746_20100831131113_21706 5:47:46 UTC 0 
 
AST_L1B_00307012010054737_20100831130732_18242 5:47:37 UTC 0 
 
AST_L1B_00307012010054728_20100831131103_21652 5:47:28 UTC 1 
 
AST_L1B_00307012010054830_20100831131203_22056 5:48:30 UTC 0 
23-May-10 AST_L1B_00305232010054212_20100902081857_12093 5:42:12 UTC 100 
20-Sep-07 AST_L1B_00309202007054229_20100929230552_12568 5:42:29 UTC 99 
 
AST_L1B_00309202007054221_20100929230542_12298 5:42:21 UTC 1 
21-Aug-06 AST_L1B_00308212006055949_20101019122747_17627 5:59:49 UTC 1 
 
AST_L1B_00308212006055958_20101019123248_20497 5:59:58 UTC 1 
 
AST_L1B_00308212006060007_20101019122759_17697 6:00:07 UTC 2 
 
AST_L1B_00308212006060024_20101019122837_18825 6:00:24 UTC 1 
 
AST_L1B_00308212006060015_20101019122807_17908 6:00:15 UTC 1 
10-Apr-10 AST_L1B_00304102010060027_20100903191204_19828 6:00:27 UTC 100 
 
AST_L1B_00304102010060018_20100903191154_19678 6:00:18 UTC 100 
 
AST_L1B_00304102010060009_20100903191144_19667 6:00:09 UTC 100 
 
AST_L1B_00304102010055952_20100903191124_19531 5:59:52 UTC 31 
 
AST_L1B_00304102010060000_20100903191134_19584 6:00:00 UTC 100 
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AST_L1B_00304102010060036_20100903191214_19939 6:00:36 UTC 100 
17-Nov-09 AST_L1B_00311172009060035_20100908211528_11371 6:00:35 UTC 2 
 
AST_L1B_00311172009060027_20100908211518_11272 6:00:27 UTC 75 
 
AST_L1B_00311172009060018_20100908211508_11237 6:00:18 UTC 1 
 
AST_L1B_00311172009060009_20100908211458_11157 6:00:09 UTC 13 
5-Mar-08 AST_L1B_00303052008054739_20100914195852_21472 5:47:39 UTC 1 
 
AST_L1B_00303052008054748_20100914195902_21786 5:47:48 UTC 1 
 
AST_L1B_00303052008054757_20100914195913_22295 5:47:57 UTC 1 
 
AST_L1B_00303052008054806_20100914195923_22481 5:48:06 UTC 1 
 
AST_L1B_00303052008054815_20100914193637_4592 5:48:15 UTC 1 
 
AST_L1B_00303052008054824_20100914193647_4754 5:48:24 UTC 3 
 
AST_L1B_00303052008054731_20100914195842_21448 5:47:31 UTC 0 
12-Mar-08 AST_L1B_00303122008055429_20100914112543_11226 5:54:29 UTC 5 
 
AST_L1B_00303122008055420_20100914112533_11148 5:54:20 UTC 20 
 
AST_L1B_00303122008055412_20100914112523_11087 5:54:12 UTC 3 
17-Dec-05 AST_L1B_00312172005055238_20101031113800_27321 5:52:38 UTC 2 
20-Nov-06 AST_L1B_00311202006054144_20101015113822_18073 5:41:44 UTC 3 
 
AST_L1B_00311202006054135_20101015113743_17486 5:41:35 UTC 3 
 
AST_L1B_00311202006054126_20101015113732_17430 5:41:26 UTC 1 
 
AST_L1B_00311202006054117_20101015113351_15657 5:41:14 UTC 1 
 
AST_L1B_00311202006054108_20101015113712_17095 5:41:08 UTC 1 
 
AST_L1B_00311202006054059_20101015113702_17010 5:40:59 UTC 1 
2-Dec-06 AST_L1B_00312022006060532_20101015044316_20808 6:05:32 UTC 1 
 
AST_L1B_00312022006060540_20101015044329_21388 6:05:40 UTC 2 
2-Jul-11 AST_L1B_00307022011055956_20110703115154_9569 5:59:56 UTC 0 
 
AST_L1B_00307022011055947_20110703115144_9517 5:59:47 UTC 0 
 
AST_L1B_00307022011055938_20110703115134_9508 5:59:38 UTC 0 
 
AST_L1B_00307022011060005_20110703115204_9595 6:0:05 UTC 0 
29-Sep-11 AST_L1B_00309292011055300_20110930132426_21299 5:53:00 UTC 
 
 
AST_L1B_00309292011055308_20110930132437_21322 5:53:08 UTC 1 
 
AST_L1B_00309292011055317_20110930133618_29708 5:53:14 UTC 0 
 
AST_L1B_00309292011055326_20110930133628_29801 5:53:26 UTC 1 
 
AST_L1B_00309292011055335_20110930132446_21329 5:53:35 UTC 1 
 
AST_L1B_00309292011055344_20110930132457_21368 5:53:44 UTC 1 
17-Oct-11 AST_L1B_00310172011054055_20111018102131_25118 5:40:55 UTC 1 
 
AST_L1B_00310172011054103_20111018101419_20696 5:41:03 UTC 1 
8-Oct-11 AST_L1B_00310082011054748_20111009103339_8984 5:47:48 UTC 0 
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20-Jul-11 AST_L1B_00307202011054740_20110721120531_1156 5:47:40 UTC 0 
 
AST_L1B_00307202011054731_20110721120520_935 5:47:31 UTC 0 
 
AST_L1B_00307202011054722_20110721120511_788 5:47:22 UTC 0 
 
 
Table A-31 Eldorado Valley – Research Site 1 
Date Granule ID Night Time (PST) Cloud cover 
03-Jan-09 AST_L1B_00301032009054849_20100918093421_7213 5:48:49 UTC 18 
08-Mar-09 AST_L1B_00303082009054859_20100916082549_21774 5:48:59 UTC 1 
16-Nov-08 AST_L1B_00311162008054817_20100919212151_14602 5:48:17 UTC 1 
17-Oct-11 AST_L1B_00310172011054121_20111018102151_25160 5:41:21 UTC 1 
 
AST_L1B_00310172011054130_20111018102201_25192 5:41:30 UTC 0 
19-Aug-07 AST_L1B_00308192007054209_20101002231307_27826 5:42:09 UTC 0 
 
AST_L1B_00308192007054218_20101002231317_27892 5:42:18 UTC 5 
19-Nov-09 AST_L1B_00311192009054814_20100908201127_20589 5:48:14 UTC 1 
20-Feb-09 AST_L1B_00302202009054857_20100916222555_27044 5:48:57 UTC   99* 
26-Apr-06 AST_L1B_00304262006054118_20101025082709_15259 5:41:18 UTC 1 
 
AST_L1B_00304262006054127_20101025082720_15460 5:41:27 UTC 1 
30-Aug-11 AST_L1B_00308302011054129_20110831130346_18697 5:41:29 UTC 0 
 
AST_L1B_00308302011054137_20110831130356_18707 5:41:37 UTC 0 
    *No visible cloud cover associated with image in relationship to high percentage listed in metadata 
 
 
Table A-32 Sheep Range Desert Shrub – Research Site 2 
Date Granule ID Night Time (PST) Cloud cover 
04-Oct-04 AST_L1B_00310042004054723_20101126184208_8929 5:47:23 UTC 29 
05-Mar-08 AST_L1B_00303052008054806_20100914195923_22481 5:48:06 UTC 0 
08-Oct-11 AST_L1B_00310082011054739_20111003103329_8912 5:47:39 UTC 5 
09-Nov-11 AST_L1B_00311092011054740_20111110092344_17826 5:47:08 UTC 0 
17-Oct-11 AST_L1B_00310172011054130_20111018102201_25192 5:41:30 UTC 0 
 
AST_L1B_00310172011054139_20111018102211_25256 5:41:39 UTC 1 
24-Oct-11 AST_L1B_00310242011054742_20111025100615_17707 5:47:42 UTC 0 
27-Apr-04 AST_L1B_00304272004054812_20101204074247_16780 5:48:12 UTC 0 
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Figure A-33 Geologic Map of the Corn Creek Springs - Sheep Range 
 
 
     NevCAN – Sheep Range Desert Shrub Meteorological station. 
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Figure A-34 ASTER VNIR Daytime mosaic 
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Figure A-35 ASTER and MODIS data sets for thermophysical analysis 
 
 
Upper left, MODIS albedo from 7/01/2010; Upper right, daytime ASTER LST mosaic; 
Lower left nighttime ASTER LST mosaic; Lower right, Apparent Thermal Inertia 
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Figure A-36 FLIR 30BX Thermal Infrared Imager, 19,200 Pixels (160 x 120)  
 
 
 
Specifications:  
Infrared Resolution: 160 x 120 pixels (19,200)  
Thermal Sensitivity (N.E.T.D): <0.075°C at 30°C  
Frame Rate: 60 Hz  
Detector Type: Focal plane array (FPA) uncooled microbolometer  
Spectral Range: 7.5 to 13µm  
Focus: Manual  
Field of View: 25° x 19°  
Min. Focus Distance: 0.4m (1.3 ft.)  
Temperature Range: -4 to 248°F (-20 to 120°C)  
Accuracy: ±2% of reading or 2°C, whichever is greater  
Measurement Modes: Center spot, Area box (max/min), Isotherm (above/below); Auto 
hot/cold  
Thermal Palettes: 12: Arctic, Gray, Iron, Lava, Rainbow, Rainbow high contrast (plus all 
inverted)  
Image Storage: >1000 radiometric JPEG images (microSD card memory)  
Display: 3.5" landscape, color LCD touch screen 
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Research Products - ASTER/MODIS/Meteorological Data Sensors  
 
NASA Land Processes Distribution Active Archive Center: 
ASTER/Terra - Registered Radiance at the Sensor V003 TIR -  
https://lpdaac.usgs.gov/products/aster_products_table/ast_l1b 
 
MODIS/Aqua - LST/E Daily L3 Global 1km Grid SIN - 
http://modis.gsfc.nasa.gov/data/dataprod/dataproducts.php?MOD_NUMBER=11 
 
NASA Earth Observing System Data and Information System:  
Reverb | ECHO -  
http://reverb.echo.nasa.gov/reverb/#utf8=%E2%9C%93&spatial_map=satellite&spatial_t
ype=rectangle 
 
WIST -  
Retired and replaced by Reverb, the offline transition began on February 22, 2012. 
 
Clark County Regional Flood Control District: 
Flood Threat Recognition System –  
http://www.ccrfcd.org/ftrs.htm 
 
Nevada Climate-Echydrological Assessment Network: 
 
Sheep Range Desert Shrub – 
http://sensor.nevada.edu/NCCP/Default.aspx 
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